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SSy-A simple and sensitive spectrophotometric method for the determination of c&urn(W) in an 
aqueous medium is reported. The metal ion formed a 1: 1 orange-red coloured complex with 2,4-dihydroxy 
benzophenone benxoic hydrazone (DHBPBH) at pH 10.0 showing an absorption maximum at 400 nm. 
The molar absorptivity and Sandell’s sensitivity of the method are found to be 2.0 x l@ I/mol/cm and 
0.007 pg/cm’, respectively. Beer’s law is obeyed in the range 0.7-7.0 pg/mL Titanium, vanadium and 
molybdenum do not interfere, The extent of interferences by other ions is presented. The method is applied 
for the determination of cerium in simulated rock samples. 

Rare earth element geochemistry has been es- 
tablished as one of the most powerful tools for 
petrogenetic studies of rocks. The spectrophoto- 
metric studies of cerium are usually carried out 
with organic dye stuffs. ‘*2 Most of these methods 
suffer from serious interference of many ions 
like thorium, uranium, titanium, zirconium, 
iron, nickel and fluoride. Among the most re- 
cently reported methods,>” though some of 
them are highly sensitive, either they suffer from 
the interference of other rare-earth metal ions or 
involve an extraction procedure. 

2,~Dihydroxy benzophenone benzoic hydra- 
zone (DHBPBH) forms an intense orange-red 
coloured solution with cerium(IV) in alkaline 
medium (pH g-l 1). The coloured solution is 
quite stable and its absorbance varies pro- 
portionately with micro amounts of cerium(IV). 
Hence a systematic study has been made to 
develop a sensitive direct spectrophotometric 
method for the determination of micro amounts 
of cerium. 

Reagents 

Stock solution of ammonium ceric sulphate 
(0. 1M ) was prepared by dissolving the requisite 
amount of AnalaR grade (BDH) sample. The 
solution was standardized volumetrically.” The 
lower concentrations were prepared by appro- 
priate dilution of the stock solution. 

The reagent was prepared by condensing 2,4- 
dihydroxy benzophenone and benzoic hy- 
drazide in ethanol medium using the general 
procedurei (m.p. 274276°C). The reagent has 
the following structure. 

Q 0 ii 
$=N--+H-c 

OH -0 0 

A O.OlM solution in dimethylformamide is used in the 
studies. 

&fleer solutions 

Adonis hydroxide (2.OM) and am- 
monium chloride (2.0~) were used for the 
preparation of buffer solutions. 

Apparatus 

A Shimadzu UV-visible spectrophotometer 
model W-160A equipped with 1 cm quartz 
cells and Philips Digital pH meter model PP 
9046 were used for absorbance and pH measure- 
ments, respectively. 
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In each of a set of different 10 ml volumetric 
flasks, 5 ml of buffer solution (pH lO.O), various 
volumes of 1 x 10e3M metal solution, 2 ml of 
(1 x lo-'M ) DHBPBH and 1 ml of dimethyl- 
formamide were added. The contents were made 
up to the mark with distilled water. The ab- 
sorbance was measured at 400 nm against re- 
agent blank. A linear plot passing through the 
origin was obtained when absorbance was plot- 
ted against the amount of cerium. The cali- 
bration graph follows the equation 

Y=mx+b 

where x is concentration of the solution, Y is 
measured absorbance and m and b are con- 
stants. The correlation coefficient (y) of this 
equation for the experimental data is obtained 
as 0.990. 

RESULTS AND DISCUSSION 

Spectral chu~ucteristics 

The absorption spectra of the reagent and the 
complex were recorded in the wavelength range 
3SX-460 nm at pH 10.0 against the buffer 
solution and reagent blank, respectively. The 
complex shows an absorption maximum at 
400-405 nm (Fig. 1). Hence further studies were 
carried out at 400 nm. 

It was observed that the composition and 
colour intensity of the complex vary with pH. 
By employing Vosburgh and Cooper’s 
method,13 the absorption spectra of the reaction 
mixture at different pH values were recorded 

Fig. 1. (1) Reagent spectrum (DHBPBH). (2) Metal complex 
spectrum [DHBPBH + Cerium(IV)]. [DHBPBH] = 4.0 x 

10w4M; [Cerium(IV)] = 2.0 x lo-‘M. 

and presented in Fig. 2. The figure indicates the 
absorption maximum at 390 nm (pH 8.0), 410 
nm (pH 8.5), 490 nm (pH 9.0), 430 nm (pH 9.5), 
400 nm o>H 10.0) and 390 nm (pH 10.5) with 
variable metal to ligand composition. This indi- 
cates the formation of different soluble complex 
species at different pH values. 

Stoichiometry of the complex species 

The stoichiometry of different complex 
species formed at different pH values were de- 
termined by employing molar ratio method.‘* 
The results are presented in Table 1. A similar 
behaviour was observed by Vallvey et al.” in the 
determination of titanium. Cartagena et ai.4 
observed the formation of two different complex 
species between drum and methyl thymol 

Wavelength (run) 

Fig. 2. Metal complex spectra [DHBPBH + Cerium(IV)] at various pH values (pH 8.0-10.5). 
[DHBPBH] = 4.0 x 10e4M; [Cerium(IV)] = 2.0 x 10-SM. 



Determination of CecIv) 239 

Table I. Sto~hiome~ of Ce(IVj-DHBPBH coqlexes 

COUp&ioR 

pH (~~~~:~j~~) ($zj 
Molar absorgttivity 
( X 104 1~~~~~~ 

8.0 2:3 390 0.65 

!: f ii; 
410 0.50 

2;3 
490 1.00 

1:: 
43a 1.10 

10:s 
1:l 400 2.00 
1:2 390 1.65 

blue depending on the order of addition of the 
reactants. The molar absorptivity was found to 
he highest at pH fO,O, Hence the analytkal 
studies were carried out for the compiex species 

formed at pH IO.& 

Spectrophotometric determination of cerium(lV) 

Efict of reagent. The absorbance of the corn- 

plex species was studied as a function of molar 
ratio of DHBPBH to cerim(XV) at pH 10.0. A 
20-fold molar excess af the reagent over 
cerium(IV) was necessary to obtain M~~MUIIB 

‘I-M& 2 Tolerance Emit of diverse ions in the determination 
of oeri*. Amount of ~~ taken = 2.00 &g/ml 

Tolemnce TOkSW4X 

limit Diverse limit 
Divetw ion (rrrlmf) iOIl MW 

EDTA 1300 zn(II) 760 
Thiosulphate 486 
Gxalate 360 zg; z 
Tartrate 286 Ni(I1) 600 
Thiocyattate 2OB co(II) 580 
Iodide 13s Fe(II1) 200,5aO* 
Nitrate 130 W(M) 100 
Fhrorkle 130 Th(Tvf 100 
Carbonate 100 WIII~ 100 
ThiOWW& 90 ~~ 110 
~~ : 100 

Sm(fID 
YWr) ftl: 

3 !z 
Cu(II) 20,6S* 
Pd(I1) 
A&H :: 

M&H) 28 
Pwv) 18 
HutI 8 

*In presence of 12BO fig of EDTA. 

Table 3. Analysis of synthetic mixtutus of rwk samples 

Sample 

_ 
% of error 

Amount of ceh;~u~y/ml) between 
taken value 

AAS Present* and oresent Standard 
(% of composition) Taken method method mithod deviation 

GS-N (Granite) 
SiC$ 65.80; Al,@: 14.67; Fe&,: 1.92 
FeO: 1.65; MnO: 0.056; MgQ: 2.30; CaO: 2.50; 
Na,O: 3.77; K@ 4.63; Ti@: O.&, P,G,: 0.28; 
La: 0.075; Ce: 0.135; Nd: O.OW+ Em O.OOi7; 
Dy: 0.003; Yb: 0.0015; Sun 0.0077; Gd: 0.0052; 
Et: 0.0017; Lu: 0.0022; y: 0.019 

QLG-1 (Quartxlatite) 
Sic),: 65.55; A&4: 16.18; Fe2GJ: 1.02; 
FeO: 2.97; MnO: 0.093; MgCb: 1.00, CaO: 3.17; 
Na,O: 4.20; K,O: 3.60; TiC$: 0.624; P&: 0.254; 
La: 0.027; Ce: 0.0546; Nd: 0.026; Eu: 0.00143; 
Dy: 0.0033; Yb: 0.00232; Sm: 0.00488; 
Gd: 0.0047; Er: 0.0023; Lu: 0.00037; 
Y: 0.024. 

BE.N (Basalt) 
Sit&: 38.20; AirG,: 10.07; Fe,G~: 5.34; 
Feo: 6.74; MnO: 0.20; MgG: 13.iS; CaO: 13.87; 
Na,O: 3.18; K,O: 1.39; ‘DO,: 2.61; P,Gs: 1.0% 
La: 0.08% Ce: 0.152; Nd: O.Ont, Eu: 0.0036; 
Dy: 0.0064; Yb: 0,0018; Sm: 0.012; Gd: 0.0095; 
Er: 0.9025; Lu: 0.~2~ y: 0.030 

SDC-1 (Mica Schist) 
SiO,: 65.85; A&U,: 15.75; Fe,Gs: 2.62; 
FeO: 3.93; MnO: 0.114; MgO: 1.69; CaO: 1.40, 
Na,O: 2.05; K,O: 3.28; Tit&: 1,Ol; Pro,: 0.158; 
La: 0.042; Ce: 0.093; Nd: 0.040 Em 0.00171; 
Dy: 0.0067; Yb: O.oW, Sm: 0.0082; Gd: 0.0072; 
Er: 0.004; Lu: 0.00053; Y: 0.040. 

1.24 
2.43 
6.10 

0.90 
1.70 
2.02 

0.88 
2.02 
3.80 

1.30 
2.55 
6.30 

1.22 

::: 

0.89 
1.68 
2.OB 

:z 
3:79 

1.29 
2.58 
6.29 

1.20 

%E 
- 3.22 0.014 

1.23 0.010 
-0.65 0.016 

0.88 -2.22 0.017 
1.69 =0.58 0.018 
2.06 1.98 0.012 

0.86 -2.27 &Of4 
2.06 1.9% 0.020 
376 -1.05 0.016 

1.33 

::: 

2.30 0.020 
-3.12 0.016 
-0.31 0.012 

*Average of six determinations. 
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absorbance at 400 nm. Presence of excess ,of 
reagent does not affect the absorbance values. 

Stability of the complex. The orange-red 
colour development was complete in 10 min 
after mixing of the reactants. The complex was 
stable for more than 24 hr. 

Beer’s law is obeyed between 0.7 and 7.0 
pg/ml of cerium. The molar absorptivity is 
2.0 x lo4 l/mol/cm and Sandell’s sensitivity is 
found to be 0.007 pg/cm’. The relative standard 
deviation of the method in the determination of 
2.0 pg of cerium is found to be 0.26 ppt (2.6%). 

Interference studies. The recommended pro- 
cedure was used to determine cerium(IV) in 
presence of potential interfering ions. To a 
solution containing 2 ,ug of cerium, 1 ml of 
(4 x 10m3M) DHBPBH, 5 ml of buffer solution 
(pH lO.O), varying amounts of diverse ions were 
added and the absorbance was measured. The 
tolerance limit for foreign ions was taken as the 
amount that caused an error in the absorbance 
value by f 2%. Titanium(IV), vanadium(V) 
and molybdenum(W) do not interfere in any 
concentration level. The tolerance limit of other 
ions is presented in Table 2. 

Application of the method for rock sampres. It 
is shownI that the rock samples namely Granite 
(GS-N), Quartz latite (QLO-I), Mica schist 
@DC-l) and Basalt (BE-N) possess a sufficient 

concentration of cerium. Since the original rock 
samples were not available, simulated samples 
containing all the components in the same pro- 
portions, as present in the original rock samples, 
were prepared by mixing the pure salts of these 
components. Then cerium present in these mix- 
tures was determined by the present method. 

Known aliquots of sample solutions were 
transferred into a 10 ml volumetric flask con- 
taining 5 ml of buffer solution, 2 ml of 
(1 x lo-‘M) reagent and 1 ml of dimethylfor- 
mamide. The contents were made up to the 
mark with distilled water. The absorbance of the 
solutions was measured at 400 nm against the 
reagent blank. The amounts of cerium present 
in the samples were computed from the prede- 
termined calibration plot. 

The amounts of cerium obtained by the pre- 
sent method are compared against those ob- 
tained by AAS method. The results obtained are 
presented in Table 3. 

Comparison of the results 

The results obtained in the present method 
are compared with those obtained by other 
methods. The sensitivity of the formaldoxime 
method (E = 3.2 x 103)17 and oxine method 
(E = 6.7 x 103)18 is much less than that of the 
present method. The sensitivity of methyl 

Table 4. Comparison of spectrophotometric methods for the determination of cerium(IV) with various chromogenic 
reagents 

Beer’s 
t &la, Composition law range 

Reagent (I/mole/cm) (nm) PI-I (M:L) (w/ml) Interference Ref. 

Methyl thymol blue 1.0 x 104 540 6.5 
Methyl thymol blue 2.7 x lo4 625 10.2 

Pyrogallol red 
Pyrogallol red 
(Indirect method) 

o-lodobenzoyl-o- 5.744 x 102 450 Ammonical 
tolylhydroxylamine medium 

N-p-chlorophenyl- 
2-furylacrylo- 
hydroxyamic acid 
with or without l- 
(2-pyridylazo)-2- 
naphthol 

8.5 x 103 470 Acidic 
medium 

1.8 x lo4 515 

Z,CDihydroxy- 2.0 x lo4 400 10.0 

9.2 x 10’ 640 5.2 
- 507 5.0 

1:l 
1:2 

1:l 
2:l 

1:4 

0.5-7.0 - 
0.09-3.4 Cu(II), Mg(II), Ca(II), 

Sr(II), Ba(II), Cd(I1) 
Hg(I), Al(II), Zr(IV), 
Th(IV), Pb(II), Bi(II), 
Cr(III), V(VI), Mn(II), 
Fe(II), Fe(III), PO:- 

interfered. 
0.8410.08 - 

Cl5 Ti(IV), Al(II), Fe(III), 
Th(IV), Mo(VI), W(VI), 

Cu(II), CrtVI), Sb(V), V(v) 
Zr(IV) interfered. 

0.432 - 

- - - 

1:l 0.3-7.0 Cu(I1) 

4 
8 

10 
9 

7 

6 

Present . 
benzophenone 
benzoichydrazone 

method 



Determination of Ce(IV) 241 

thymol blue method* is higher than that of 4. M. C. Cartagena, A. Cabrea-Martin, J. L. Peralfer- 

the present method. But it is less stable (25 min) madez, J. S. Dur and Alegria, Am. Quim. Ser., B., 1981, 

and suffers from the interference of many cat- 
77(l), 88. 

ions. Comparison with some of the recently 
5. M. C. Cartagena, A. Cabrera-Martin, J. L. Peralfer- 

madez, J. S. Dur and Alegria, Am. Quim. Ser., B., 1981, 
proposed methods is also made and presented in 77(l), 124. 

Table 4. 6. S. A. Abbari, Int. J. Environ. Anal. Chem., 1988,34(3), 
181. 

7. D. Biiali, K. Mitra. K. Birendra, Thakur, Sati and P. 

CONCLUSIONS 
Das, j. indian Che&. Sot., 1988, 65(12), 862. 

8. A. Cabrea-Martin, M. C. Catagena, Roberto Izquierdo, 

In the present paper a sensitive and Hormillos, J. Albert0 Quejido-Cabezas and J. L. Per- 

selective spectrophotometric method for the alfermadz, Analyst, 1983, 108, 534. 

9. J. 
determination of cerium(IV) is reported. 

Medina-Es&he, A. Sevillano-Cabeza and M. A. 

The metal ion reacts with 2,4idihydroxy ben- IO. 
zophenone benzoic hydrazone (DHBPBH) 
in ammonical buffer medium to give an ll. 
orange-red coloured complex. The coloured 12 
solution shows absorption maximum at 400 ’ 
nm at pH 10.0. The method avoids the 

Martin Penella, Analyst, 1985, 110, 807. 
M. S. Jog, V. L. Salia and S. P. Sangal, Chem. Era, 1976, 
12, 251. 

interference of 
normally found 
samples. 

most of the ions which are 
along with cerium in natural 13. 

14. 
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